In order to study the effect of the oxidizer ammonium perchlorate (AP) on the energy release of composite energetic materials, the thermal decomposition of AP with different particle size, Hexogen (RDX), and their mixtures were studied by means of thermogravimetry-differential scanning calorimetry (TG-DSC). The results showed that RDX had one weight loss step and there were two weight loss steps for AP and the mixture of AP and RDX. We can also conclude that RDX and AP accelerate the thermal decomposition of each other and the change of particle size of AP has no effect on this acceleration.
INTRODUCTION
AP, as a kind of oxidizer, is widely used in composite energetic materials and propellants due to its advantages of high effective oxygen content, good physical and chemical stability. Its addition significantly affects the energy release of the composites [1, 2] .
RDX is one of the most commonly used main explosives, the theoretical density and detonation velocity of which is 1.82g/m 3 and 8,750m/s respectively. In order to satisfy different application requirements and carry out rational formulation design for composite energetic materials, it is essential to study the thermal behaviors of AP and the mixture of AP and explosives. At present, there are many researches about the thermal analysis of AP [3] [4] [5] [6] . However, studies about AP with different particle size and its mixture with explosives are insufficient for us to better understand its affects in composite energetic materials, which limits its applications in formulation design. Thus, it is of great importance to study the thermal behaviors of AP, RDX and their mixtures with DSC and TG.
EXPERIMENTAL

Materials
The AP used in this work was obtained from Liming Chemical Research and Design Institute Co. Ltd with a particle size range of 90-100 μm and 10-13 μm. RDX with a particle size range of 100-400 μm was obtained from Liaoning Qingyang Special Chemical Co. Ltd.
Thermal Analysis
The TG-DSC analyses of the samples were performed with a Netzsch STA449-F3 (Germany) simultaneous thermal analyzer at different heating rates (5 K·min−1, 10 K·min−1, 15 K·min−1 and 20 K·min−1) under a 30 mL·min−1 flow of argon. The Kissinger and Flynn-Wall-Ozawa methods were used to obtain the kinetic parameters based on the non-isothermal data. The TG and DSC plots in Figure1 show RDX's thermal behavior when it was heated from 30-500 °C at 5, 10, 15 or 20 K·min-1. It can be seen from the Figure 1(a) that as the heating speed increased, the temperature of decomposition peaks also increased. In the DSC curves, there is one endothermic peak and one exothermic peak. The endothermic peak corresponds to melting, and the exothermic peak corresponds to decomposition. The temperature where decomposition took place was about 240℃. The TG plots also show that during the decomposition, 90±5% of initial mass of the RDX was lost.
RESULES AND DISCUSSION
Thermal
Table Ⅰ summarizes the temperatures at which RDX undergoes thermal decomposition at various heating rates. Based on the non-isothermal TG-DTG analysis of RDX at these different heating rates, calculation was made for related kinetic parameters of decomposition with the Kissinger and Flynn-Wall-Ozawa methods (based on Equations 1 and 2 below). These results have been included in Table Ⅰ .
Kissinger method:
Flynn-Wall-Ozawa method:
In the above equations, β represents the heating rate (K·min-1), Tp represents peak temperature on DTG curve at a heating rate β (K), A and Ak represent the preexponential factors, Ek and EO represent the apparent activation energy values with the Kissinger and Ozawa methods (J·mol-1), R represents the constant of ideal gas (8.314 J·mol-1·K-1), T represents the absolute temperature and the temperature of the DTG curve, α represents the conversion degree, and G(α) represents the integral mechanism function. Equation 1 predicts a linear relationship between ln(β/Tp2) and 1/Tp, and suggests that the activation energy (Ek) and the pre-exponential factors (Ak) can be calculated from the slope and intercept. In the case of the Ozawa method, the effect of the value of α on T will remain approximately constant at different heating rates, and EO can be calculated from the linear relationship between lg(β) and 1/T. AP WITH THE PARTICLE SIZE RANGE OF 90-100 μm AP with the particle size range of 90-100 μm (AP1) was heated from 30 °C to 500°C at rates of 5 K·min−1, 10 K·min−1, 15 K·min−1 and 20 K·min−1. The DSC and TG data are shown in Figure 2 . It can be seen from the Figure 2(a) that the decomposition is divided into two stages. The DSC plot generated at 10 K·min−1 exhibited one endothermic peak at 243°C, and two exothermic peaks at 308.6 °C and 433.6°C. The first peak is attributed to the phase transition of AP1 and the exothermic peaks represent the decomposition of AP1. Table II summarizes the thermal decomposition process of AP1 at various heating rates. Based on the non-isothermal TG-DTG data obtained from AP at the four heating rates, the parameters for the decomposition kinetics of AP1 were calculated by the Kissinger and Flynn-Wall-Ozawa methods and these values are also provided in Table II . 
AP WITH THE PARTICLE SIZE RANGE OF 10-13μm
The DSC and TG curves generated by AP with the particle size range of 10-13μm(AP2) at heating rates of 5 K·min−1, 10 K·min−1, 15 K·min−1 and 20 K·min−1 are shown in Figure 3 . From the Figure 3(a) we can see that there are weight loss steps of AP2, which is the same with AP1. The DSC plot acquired at 10 K·min−1 has one exothermic peak at approximately 243°C and two endothermic peaks at 310.6°C and 415.7°C. Compared with AP1, the peak temperature of hightemperature decomposition stage of AP2 is about 20°C lower than that of AP1. The temperatures associated with the thermal decomposition of AP2 and the decomposition kinetic parameters were calculated by the Kissinger and Flynn-WallOzawa methods and the resulting values are summarized in Table III. Figure 4 shows the TG and DSC curves for a RDX/AP1 mixture (1:1 by mass). The TG data exhibited two distinct mass loss steps, the first of which is attributed to the thermal decomposition of RDX and the peak temperature is approximately 30°C lower than that of pure RDX, which means that AP1 accelerates the decomposition of RDX. The second mass loss step was caused by the decomposition of the AP1. The peak temperature of this step was almost equal to that of pure AP1. Although the high-temperature decomposition stage of AP1 became less obvious, the DSC curves show that there was a exothermic peak, the temperature of which was about 40°C lower than that of pure AP1, meaning that RDX also facilitates the decomposition of AP1. The temperatures for the thermal decomposition of the RDX/ AP1 mixture and the decomposition kinetic parameters were calculated using the Kissinger and Flynn-Wall-Ozawa methods and are summarized in Table Ⅳ . THERMAL BEHAVIORS OF RDX/AP2 MIXTURES Figure 5 presents the TG and DSC data obtained from RDX/AP2 mixture. The decomposition stage of RDX/AP2 mixture is the same with that of RDX/AP1 mixture. Compared with the former, there is no big difference in terms of the decomposition peak temperature in each stage, suggesting that RDX and AP accelerate the thermal decomposition of each other and the change of particle size of AP has no effect on this acceleration. The related temperatures for the thermal decomposition of RDX/AP2 and the decomposition kinetic parameters were calculated by the Kissinger and Flynn-Wall-Ozawa methods and are summarized in Table V. . 
CONCLUSIONS
The thermal analysis was conducted to study the thermal behaviors of RDX, AP with different particle size range and their mixtures using TG-DSC. The TG curves show that RDX has one decomposition stage and AP with the particle size range of 90-100μm and 10-13μm has two decomposition stages, which are called lowtemperature decomposition stage and high-temperature decomposition stage. The DSC curve for RDX at 10 K·min−1 showed an endothermic peak at 240℃, corresponding to melting and decomposition at 243℃.
There are two distinct weight loss steps for the mixtures and the DSC data shows that RDX and AP accelerate the thermal decomposition of each other and the change of particle size of AP has no effect on this acceleration.
